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Using a simple mathematical formalism, we show that temperature dependent nonexponential
relaxation found in glass-forming liquids and amorphous polymers, often resulting in a decrease in
the stretching exponent when decreasing temperature, can be suitably described assuming the
combination of an intrinsic stretched response and the existence of temperature independent
heterogeneities. The effect of the latter is incorporated by assuming a Gaussian distribution of Vogel
temperatures. Comparison with experimental data of a large number of glass formers showed that
this approach is able to quasiquantitatively describes the temperature dependence of the stretching
exponent using the width of the distribution as the single fitting parameter. According to this
approach, the rapidity of the decrease in the stretching exponent with decreasing temperature
depends not only on the magnitude of the standard deviation of Vogel temperatures but also on the
value of the intrinsic stretching exponent and on the fragility of the glass former. The latter result
is able to rationalize, at least partially, the empirical correlation between the fragility and the
stretching exponent at Tg. © 2009 American Institute of Physics. DOI: 10.1063/1.3098904
I. INTRODUCTION
The dynamics of glass-forming liquids and amorphous
polymers generally display nonexponential behavior. This re-
flects on the decay of the relaxation function associated to
the glass transition. This behavior is conveniently expressed
by the well-known Kohlrausch–Williams–Watts KWW
equation:1,2
t = exp− t/KWWKWW , 1
where t is the relaxation function, t is the time, KWW is
the KWW relaxation time, and KWW1 is the stretching
exponent.
The nonexponential relaxation of glass-forming liquids
and amorphous polymers has attracted the attention of a
large number of scientists in the past years see, e.g., Ref. 3,
and references therein, also in view of its empirical relation
with another outstanding signature of the glass transition,4
namely, the non-Arrhenius slowing down of the dynamics
associated to the structural relaxation.5 Among the features
concerning KWW, the experimental evidence that this pa-
rameter decreases when approaching the glass transition tem-
perature Tg, generally defined as the temperature where the
relaxation time is about 100 s from above is one of the most
notable. Although such a decrease is in some cases not ob-
served for some glass-forming liquids verifying the time-
temperature superposition,6–9 the increasing nonexponential
behavior when approaching the Tg from above has been of-
ten attributed to the evolution of dynamical heterogeneities
occurring below about 1.2Tg.
10–14 According to this interpre-
tation the stretching of the relaxation function associated to
the glass transition would be mainly related to the heteroge-
neous nature of glass-forming liquids and amorphous
polymers,15 rather than being an intrinsic peculiarity of each
relaxing unit in the glass former. Nonetheless, the connection
between heterogeneous dynamics and nonexponential relax-
ation, and their temperature evolution, in glass-forming liq-
uids is still far from being clarified.16
In this work, we develop a simple mathematical formal-
ism that shows that the temperature dependence of the
stretching exponent KWW of a large number of glass form-
ers, both polymeric and nonpolymeric, can be conveniently
reproduced assuming an intrinsic nonexponential relaxation,
which would be reflected in the high temperature behavior,
and temperature independent dynamical heterogeneities. The
latter can be suitably described by a distribution of Vogel
temperatures and consequently of Tgs, i.e., the tempera-
ture where the structural relaxation time is predicted to di-
verge according to the Vogel–Fulcher–Tamann VFT phe-
nomenological equation.17 Apart from discussing the real
connection between the temperature evolution of heterogene-
ities and the degree of stretching, within our approach we
also provide a link between the fragility of the glass former
and its stretching exponent at Tg, thus rationalizing, at least
partly, the empirical finding of Böhmer et al.4 Despite the
massive number of glass formers included in their analysis
including materials possessing a wide variety of chemical
structures—leading to a large scattering in their analysis—
they found a tendency to an approximate inverse proportion-
ality between the fragility and the degree of stretching.aElectronic mail: swxcacad@sw.ehu.es.
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II. MATHEMATICAL FORMALISM
In this section of this paper, we present the mathematical
formalism of our approach to the description of the tempera-
ture dependent nonexponentiality. We employ the VFT equa-
tion to describe the temperature dependence of the character-
istic relaxation time  of the  process:17
 = 0 exp DT0avT − T0av , 2
where 0, D, and T0av are, respectively, the pre-exponential
factor, a glass-former specific parameter, and the average Vo-
gel temperature.
We assume that the structural relaxation is nonexponen-
tial in nature—as suggested by experiments16 and predicted
by notable theories of the glass transition18,19—and that, due
to some dynamical heterogeneities, which might have spatial
counterparts e.g., density spatial fluctuations,15 a distribu-
tion of Vogel temperatures gT0 exists. We also assume for




exp− T0 − T0av2
2T0
2 	 , 3
where T0 is the standard deviation of the distribution of
Vogel temperatures.
Assuming a distribution of Vogel temperatures implies
that the lifetime of heterogeneities is larger than that of the
structural relaxation time. However, this assumption still
holds even if the lifetime of such heterogeneities is of the
order of the relaxation time of the structural relaxation, as
indicated by several recent experiments.10,11,13,15,20 These are
based on multidimensional NMR and are able to provide the
typical time scale of heterogeneities, which is actually found
to be of the order or larger than the structural relaxation time.
Our approach can still be safely employed even if exchange
between relatively fast and slow regions occurs in the time
scale of the structural relaxation, since in this case the en-
semble probed experimentally generally maintains the aver-
age distribution of environments. In other words, the ex-
change between environments in the time scale of
heterogeneities can be considered as a dynamic equilibrium.
The soundness of the assumption of a distribution of
Vogel temperatures will be discussed when comparing our
approach with available experimental stretching exponents.
Due to the distribution of Vogel temperatures, there would
also be a temperature dependent distribution of relaxation









Thus, the relaxation function of the system at a given
temperature—obtained from different experiments providing
the correlation function for molecular dynamics—can be ob-





Gln Texp−  t
T
0	d ln  , 5
where 0 is the intrinsic exponent unrelated to the presence
of heterogeneities, which can be experimentally determined
in the high temperature region,21 where the heterogeneities
are not expected to play any major role. It has to be remarked
that such a high temperature limit, apart from depending on
the specific glass former, can also depend on the technique
employed, i.e., on the relaxation function measured. The ob-
served macroscopic relaxation function is, in fact, related to
a specific molecular time correlation function22 that, in the
case of dielectric relaxation spectroscopy widely employed
in this work, is the dipole orientational correlation function.23
As notable examples of experimental techniques providing
different degree of stretching in the same glass former, we
mention the case of o-terphenyl24,25 OTP and that of poly-
vinyl acetate.26 In the former case a marked difference be-
tween the stretching exponent measured by Fabry–Pérot
interferometry24—a technique based on light scattering—and
that obtained by neutron scattering25 can be observed. Both
techniques provide information on density decorrelation al-
though on different spatial lengths. A similar mismatch is
observed when comparing dielectric and neutron scattering
experiments in polyvinyl acetate performed in the same
temperature range, namely, where the same relaxation time is
detected.26 In this case, such a mismatch would arise from
the different correlation functions accessed by the two tech-
niques, namely, the decorrelation of dipoles for dielectric
spectroscopy and that of density for neutron scattering. How-
ever, despite these differences, our approach can still be for-
mally employed for each relaxation function.
Within our approach, from the knowledge of the VFT
parameters—allowing the description of the temperature de-
pendence of the structural relaxation time and that of the
high temperature limit of the stretching exponent 0—the
relaxation function can be calculated at any temperature,
having T0 as the only adjustable parameter. The resulting
function can be subsequently fitted through the stretched ex-
ponential Eq. 1 and the KWWT parameter extracted.
This can be compared to stretching exponent determined ex-
perimentally. The breadth of the Gaussian distribution of Vo-
gel temperatures T0 is that generating a stretching exponent
that best reproduces the experimental one.
In Fig. 1a, typical relaxation functions at different tem-
peratures generated through Eq. 5 are presented points
together with the fitting through the KWW function continu-
ous lines. Log-time derivatives of the relaxation functions,
promptly comparable to dielectric loss data once Fourier
transformed to the frequency domain,27 are shown in
Fig. 1b. As an example the VFT parameters of polyvinyl
methyl ether PVME from broadband dielectric spectros-
copy are employed.28,29 We have also assumed 0=0.5,
that—as will be shown later in this paper—is the high tem-
perature limit of KWW for this polymer, and the standard
deviation of Vogel temperatures is fixed at: T0=2.3 K. The
KWW description is a good approximation of Eq. 5 with a
Gaussian distribution of Vogel temperatures, as testified by
the excellent fits of the relaxation functions with the KWW
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equation. The inset of Fig. 1 displays the resulting tempera-
ture dependence of the stretching exponent KWW. This ex-
ponent decreases with decreasing temperature, qualitatively
mimicking the temperature dependence of KWW normally
observed experimentally, despite the assumed temperature
independence of T0, quantifying the degree of dynamical
heterogeneity. Furthermore, it is noteworthy that for T /Tg
	1.2 the stretching exponent KWW assumes an almost con-
stant value and, within the experimental uncertainty, equal to
0.
In the way it has been developed, the approach followed
provides a link between the temperature dependence of the
relaxation time, expressed through the VFT equation, and the
KWW exponent. It is therefore possible to check what is the
effect of changing the characteristics of the relaxation time
on the temperature dependence of KWW. For what concerns
the effect of changing the standard deviation T0 on the
KWW exponent, in Fig. 2 we have plotted KWW versus the
temperature at various T0. From the inspection of the figure,
it is clear that an increase in T0 produces a stronger tem-
perature dependence of KWW. This implies that the stretch-
ing exponent at Tg decreases with increasing T0, as shown
in the inset of Fig. 2 where 
KWW=0−KWW, i.e., the
deviation of the stretching exponent from the high tempera-
ture limit is presented. Furthermore, a relatively small T0 is
not able to generate any significant decrease of KWW with
decreasing temperature, as shown in Fig. 2 when fixing the
standard deviation of Vogel temperature at: T0=0.6 K. This
implies that, within our approach, a heterogeneity larger than
T01 K is necessary to achieve a temperature dependent
stretching of the relaxation function. Consequently, glass-
forming liquids whose dynamics verify the time-temperature
superposition KWW=const are expected to display a nar-
row distribution of Vogel temperatures. Remarkably the ob-
servation that the stretching exponent KWW assumes an al-
most constant value above T /Tg	1.2 almost equal to 0
holds even for relatively large values of T0. This implies
that in this temperature region the effect of heterogeneities
on KWW can be considered negligible and the stretching of
the relaxation function should be rather attributed to the in-
trinsic nature of the relaxation.16
The effect of the fragility on the stretching exponent is
presented in Fig. 3. The former quantity, measuring the ra-
pidity of the variation of the relaxation time with temperature
at Tg, has been expressed in terms of the steepness index m
defined by the following equation:4,30





If the relaxation time is expressed according to the VFT







In Fig. 3, we report the temperature dependence of the
stretching exponent KWW for various values of the steepness
index. The fragility of the glass former has clearly a marked
effect on the degree of stretching, being the latter enhanced,
FIG. 1. Color Time evolution of the relaxation function a and of its
derivative with the logarithm of time b for PVME evaluated through
Eq. 5 straight lines at the following temperatures: 247 K black, 262 K
blue, 277 K green, 292 K pink, and 327 K red. The following VFT
parameters were used: T0av=205 K, D=6.4, and 0=3.810
−13 s taken
from Refs. 28 and 29 where PVME dielectric relaxation data are provided;
the intrinsic stretching exponent and the standard deviation of the distribu-
tion of Vogel temperatures: were, respectively, 0=0.5 and T0=2.3 K. The
points are the fitting of the relaxation functions through the KWW equation.
The inset displays the temperature evolution of the stretching exponent line
and circle and the limiting value of the stretching exponent dashed line.
FIG. 2. Temperature dependence of the stretching exponent as a function of
the standard deviation of the distribution of Vogel temperatures: up tri-
angles T0=0.6 K; squares T0=1.5 K; circles T0=2.3 K; and down
triangles T0=3 K. The VFT parameters and 0 are like in Fig. 1 and the
Tg is defined as the temperature at which the relaxation time is: =100 s.
The inset displays the dependence of 
KWW=0−KWW, i.e., the deviation
of the stretching exponent from the high temperature limit, at Tg on T0.
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overall close to Tg see inset of Fig. 3, the larger the steep-
ness index. This means that our approach is able to account
for qualitative rough relation between KWW and the fragility
often reported for fragile glass formers.4 In particular, when
the fragility is allowed to vary while keeping all other pa-
rameters of the glass former fixed Tg, 0, log 0, KWW at
Tg scales with the fragility, being smaller the higher the fra-
gility. It is, however, worth remarking that, within our ap-
proach, the fragility is not the only factor affecting KWW,
since—as already mentioned—also T0 and 0 play a major
role in affecting both the absolute value and temperature de-
pendence of the stretching parameter. This may explain why
the empirical correlation between m and KWW Ref. 4 is
not universally verified for glass formers with very different
chemical structures, as will be shown in details later in the
paper cf. Fig. 6. Notably, other approaches highlight the
incapability of the stretching exponent to fully govern the
fragility.31
To summarize this section, we remark that in the way we
have approached the problem, the temperature dependence
of the stretching exponent KWW arises in a natural way from
the temperature dependence of the relaxation time. An essen-
tial hypothesis made is the presence of a distribution of re-
laxation times that has been expressed as a distribution of
Vogel temperatures. This hypothesis—based on the assump-
tion of a heterogeneous nature of the liquid state—relies on
experimental evidences actually showing the presence of
spatial heterogeneities with a lifetime that is of the order or
larger than the structural relaxation time.11,13,15,20 However,
we highlight that in our approach such heterogeneities are
not the unique source of stretching, since we also assume
intrinsic nonexponential dynamics. It is worth remarking that
the hypothesis of a distribution of relaxation times is not new
and is normally assumed a -priori in several models describ-
ing the nonexponentiality of the relaxation in glass-forming
liquids.32–37 However, to the best of our knowledge, a
straightforward connection between the temperature depen-
dence of the relaxation time—in this case by means of the
VFT equation—and the stretching exponent of the KWW
equation through a distribution of relaxation times has not
been presented yet. Such a connection and its test on experi-
mental data represent the main scope of this work. In addi-
tion, the purpose of this paper is to raise questions about the
temperature evolution of dynamical heterogeneities and its
relation with some peculiar phenomena appearing below
1.2Tg such as the decoupling between rotational and transla-
tional diffusion and that between the diffusion and the
viscosity,38,39 that respectively violate the Debye and the
Stokes–Einstein equations normally verified for simple
liquids.
III. EXPERIMENTAL DATA
In this section, we report experimental data available in
literature that have been tested within the proposed approach.
We divide glass-forming liquids in two classes: polymeric
and nonpolymeric glass formers. To apply the approach, the
knowledge of the VFT parameters and that of the high tem-
perature limit of the stretching exponent is required. The
KWW relaxation time was employed to fit the VFT equation.
These data are summarized in Table I where the reference
from which data were taken is indicated. All data are from
broadband dielectric spectroscopy except for the high tem-
perature values of OTP that are from Fabry–Pérot
interferometry.24 However, these data nicely match with
those from dielectric spectroscopy obtained for OTP at lower
temperature.24 In Table I, we also report the value of Tg
defined as the temperature where the relaxation time is 100 s.
In several cases dynamics data are obtained from broadband
dielectric spectroscopy. This technique provides the complex
dielectric permittivity  obtained in the frequency domain
and normally fitted through the Havriliak–Negami40 HN
phenomenological equation:





where HN is the HN relaxation time, and HN and HN are
the shape parameters of the HN function describing, respec-
tively, the symmetric and asymmetric broadenings of the
complex dielectric permittivity. These parameters are related
to the stretching of the dipolar correlation function and,
therefore, to the stretching exponent KWW. This can be
evaluated from the shape parameters of the HN function
through the approach proposed by Alvarez et al.41 This ap-
proach also allows extracting the KWW relaxation time from
the HN one.
For some glass formers, two sets of VFT parameters are
reported see Table I. This is due to the presence of a dy-
namic crossover, which can be effectively detected by means
of the derivative analysis proposed several years ago by
Stickel et al.42 As will be shown in Sec. IV of this paper, the
employment of two VFT equations results in a crossover in
the temperature dependence of KWW.
Among the glass-forming polymers employed to per-
form the analysis, we have included also polyisoprene PI.
FIG. 3. Temperature dependence of the stretching exponent as a function of
the steepness index: up triangles m=47; circles m=90; and squares
m=146. The VFT parameters are chosen in a way that the system with
m=90 corresponds to PVME. Those corresponding to the other steepness
indices are chosen to have the same Tg as the system with m=90. T0 and 0
are like in Fig. 1 and the Tg is defined as the temperature at which the
relaxation time is =100 s. The inset displays the dependence of the
stretching exponent at Tg on the steepness index.
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For this polymer, we have performed high frequency dielec-
tric measurements on the same PI recently employed for low
frequency dielectric experiments.43 Our results generally
agree with those recently obtained by Doxastakis et al.44
Polyisoprene was purchased from Polymer Source Inc. The
molecular weight was Mn=310
4 g /molMw /Mn=1.04
and the sample was used as received. Dielectric measure-
ments were carried out using an Agilent impedance analyzer
HP4291B frequency range of 106–109 Hz. A Novocontrol
Quatro cryosystem for temperature control with a precision
of 0.1 K was employed in all measurements.
IV. DATA ANALYSIS AND DISCUSSION
Figures 4 and 5 display all experimental stretching ex-
ponents, respectively, for polymeric and nonpolymeric glass
formers as a function of the temperature normalized at the
Tg. Data are taken from the references indicated in Table I.
The lines in the figures are the fits through our approach to
experimental data. The values of T0 providing such fit of
the experimental data are reported in Table I. Considering
that experimental stretching exponents are always subjected
to a certain degree of uncertainty normally 0.05, the fits
can be considered in all cases more than satisfactory.
It is noteworthy that, for those glass formers displaying a
dynamic crossover detectable through the Stickel analysis,42
two values of T0, one for each dynamic range of the glass
former, are provided in Table I. The two values are not inde-
pendent from each other as the relaxation times arising from
the two VFT equations, describing the dynamics of the glass
former in the whole temperature range, must be equal at the
crossing temperature T̄. Thus, these two values of T0 are
related to each other by the following relation:







ps 0 m Reference
T0
K
Polyisoprene PI 209 171 6.7 12.2 0.45 71.5 43, this work 1
Polybutadienea PB 233.5 205 3.5 10.2 0.55 92 28 2.5
Polyvinyl ethylene PVE 272 245 3 10.9 0.5 118 28 2.5
Phenoxyb PH 371 338 3 12.6 0.5 151 28 2
Polyvinyl isobutylether PViBE 240.5 185 9.1 12.3 0.5 57 46 4
Polyvinyl methylether PVME 244 205 6.4 12.4 0.5 90 28 2.3
Polysulfone PSF, T475 K 461.5 377 10.6 20.8 0.75 112 28 2.7
Polysulfone PSF, T	475 K 437.5 1.4 10.35 2.5
Glycerol 188 131 16.8 14.7 0.75 55 45,46 1.2
Propylene carbonate PC, T200 K 157 132 6.8 13.9 0.93 100 42,47 1.2
Propylene Carbonate PC, T	200 K 153 2.4 11.5 1.6
o-terphenyl OTP, T290 K 247 172 22.1 21.1 1 74 48,24 1.8
o-terphenyl OTP, T	290 K 235 2.2 11.6 3.4
Salol, T265 K 222 166.5 15.2 18.8 1 79 42,45 2.4
Salol, T	265 K 224 1.5 11.2 4
BCDE,c T270 K 245.5 128.5 64 29.8 0.62 65 48,45 1
BCDE,c T	270 K 184.5 14.4 18 1.5
BKDE,d T323 K 262 212 9 14.5 0.66 87 45 2.5
BKDE,d T	323 K 269 2 11.4 2.7
PDE,e T	321 K 293.5 162 62 31 0.96 74 49 0.9
PDE,e T	321 K 280 2.5 11 1.5
Benzophenone, T235 K 208 100 96 36.5 0.8 74 50 0.7
Benzophenone, T	235 K 198.5 2.8 12 1.8
a68% 1,2 units and 32% 1,4 units.




FIG. 4. Color Temperature dependence of the stretching exponent for the
following polymeric glass formers: PI light green circles; PB pink up
triangles; PVE blue crosses; PViBE red down triangles; PVME dark
green diamonds; PSF brown up triangles; and PH light blue circles.
Continuous lines are the fits of our approach to experimental data with the
parameters indicated in Table I.
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01 exp D1T0av1  T01
T̄ − T0av1  T01
	
= 02 exp D2T0av2  T02
T̄ − T0av2  T02
	 , 9
where the suffixes 1 and 2 are used to label the low and the
high temperature dynamic ranges.
In the way we have related the stretching exponent to the
relaxation time, it is interesting to notice that the dynamic
crossover observed for all low molecular weight glass form-
ers but glycerol, and for PSF reflects in an analogous cross-
over in the calculated stretching exponent. Interestingly, such
a discontinuity is in most of the cases also observed in the
experimental stretching exponent see Figs. 4 and 5. This
result implies that the temperature dependence of the stretch-
ing exponent and that of the relaxation time are related to
each other.4,28 This experimental aspect is nicely captured by
our approach that is actually based on the relation between
the stretching exponent and the relaxation time.
Regarding the values of the standard deviations of the
distribution of Vogel temperatures T0, these are comprised
between 1 and 4 K for all glass formers. This implies that—
although the correspondence between the dispersion of Tg
and that of T0 is not exact—the values of T0Tg obtained
through our approach are highly realistic from a physical
point of view. The only notable exception for the magnitude
of T0 is PI whose dynamical response experimentally veri-
fies the time-temperature superposition, i.e., the stretching
exponent is essentially temperature independent. As this
glass-forming polymer presents a medium fragility m
=71.5, the only way to explain this result according to our
approach is the assumption of a low intrinsic heterogeneity
associated to this polymer T01 K.
In order to quantify the structural implications of the
obtained values of the standard deviations of the distribution
of Vogel temperatures, such values can be converted into the
associated local density distribution. This can be done in-
specting the effect of pressure, and therefore of density
change, on the variation of the Vogel temperature. Taking
PVME as an example, a shift of the Vogel temperature of 2.3
K, equal to the T0 determined for this polymer, can be
achieved applying a pressure of P=13.5 MPa,51 which, in
turns, corresponds to an increase in the density of 

=0.56%.52 This means that the obtained T0 would be gen-
erally associated to density changes smaller than 1%. Such
small changes would be consistent with the absence of any
clear signature of structural heterogeneities observed by
small angle x-ray scattering experiments in proximity of the
Tg.
53
In the context of the connection between the fragility
and the stretching exponent at Tg, our approach provides a
rationalization of this connection as highlighted earlier in
this paper. However, it is worth noticing that the value of the
stretching exponent at Tg is not solely related to the fragility
of the glass former, being the high temperature value of the
stretching exponent and the heterogeneity of the system es-
sential ingredients affecting the breadth of the relaxation at
Tg. This might be the reason for the poor inverse relation
between the steepness index m and KWW, even failing for
some glass formers.4 When these two parameters are dis-
played in the same plot for the glass formers under investi-
gation, the aforementioned inverse correlation is hardly
found, as shown in Fig. 6. This generally indicates that other
variables should be responsible for the value of KWW at Tg.
As a notable example, polyvinyl isobutylether PViBE,
possessing a rather low fragility m=57 can achieve a
stretching exponent at Tg as low as KWW=0.32 only if a
large intrinsic heterogeneity is assumed. The T0 of PViBE is
actually found to be the largest among the investigated glass
formers T0=4 K.
An important implication of the ability of temperature
independent heterogeneities in generating a decreasing
KWW with decreasing temperature is that those typical sig-
natures marking the approach to the glass transition, like the
decoupling between rotational and translational diffusion and
FIG. 5. Color Temperature dependence of the stretching exponent for the
following nonpolymeric glass formers: glycerol red circles; PC light
green up triangles; OTP blue squares; salol green down triangles; BCDE
brown squares; BKDE dark cyan diamonds; PDE pink crosses; and
Benzophenone light blue circles. Continuous lines are the fits of our ap-
proach to experimental data with the parameters indicated in Table I.
FIG. 6. Steepness index vs stretching exponent at Tg for polymeric empty
circles and nonpolymeric empty triangles glass formers.
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that between the diffusion and the viscosity,38,39 might not
bear any relation with the temperature behavior of the
stretching exponent. As a prominent example we mention
that of OTP, which does not present a significant change of
the stretching exponent in proximity of the Tg,
7 despite the
marked decoupling between translational diffusion and
viscosity.54
V. CONCLUSIONS
We have presented an approach able to quantitatively
reproduce the decrease in the stretching exponent of the
KWW equation with decreasing temperature. According to
our approach an intrinsic nonexponential behavior in combi-
nation with temperature independent heterogeneities is able
to quantitatively describe the temperature dependence of the
stretching exponent for a large variety of glass formers. The
approach followed also involves the employment of the VFT
equation and, therefore, provides a link between the stretch-
ing exponent and the structural relaxation time. The assump-
tion of temperature independent heterogeneities implies that
the decrease in the stretching exponent KWW with decreas-
ing temperature might bear no relation with the often as-
sumed increase of the heterogeneity of the glass former.
Therefore, one of the main conclusions of this work is that
any interpretation of the temperature dependence of the
stretching exponent KWW in terms of temperature evolution
of heterogeneities—expressed as a distribution of Vogel
temperatures—in the liquid state should be, according to our
analysis, reconsidered.
Furthermore, within our approach, the rapidity of the
KWW decrease with decreasing temperature is a function of
the degree of heterogeneity, i.e., the value of T0, the fragil-
ity of the system, namely the value of the steepness index m,
and 0. In particular, the temperature dependence of KWW
turns out to be more marked when T0 and m are larger. As,
according to the latter correlation, relatively low values of
the stretching exponent KWW at Tg are expected for highly
fragile glass formers, our approach is able to rationalize the
empirical correlation of Bohmer et al.4 between KWW and
m. Nonetheless, we have highlighted the inability of the
steepness index m to be entirely decisive in affecting the
degree of stretching at Tg, being the intrinsic stretching of the
glass former and the magnitude of T0 the other significant
ingredients.
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